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ABSTRACT 



The status of the analysis of the electron/positron 
annihilation radiation performed by INTE- 
GRAL/SPI in the 4th GALACTIC QUADRANT is 
reported. We use data from the first two Galactic 
Center Deep Exposures (GCDE) and from the 
Galactic Plane Scans (GPS). The analysis presented 
here is focused on the spectroscopic aspects of the 
electron/positron annihilation radiation. Back- 
ground substraction and model fitting methods are 
described, and the parameters of the 511 keV line 
(flux, energy, and width) are deduced. 

Key words: gamma-ray observations; positron anni- 
hilation line; Galactic center region. 



1. INTRODUCTION 

The 511 keV line from the Galactic Center (GC) 
has been observed since the early seventies by a 
large number of balloon and satellite borne ex- 
perim ents. The fir s t det ection was reported in 
1972 ijJohnson et alJ ^72) but at an energy of 
426±26 keV, making the identification of the elec- 
tron/positron annihilation line uncertain. In 1977, it 
was observed with a high energy-resolution Germa- 
nium spectrometer establishing th e line at 511 keV 
with a width of only a fe w keV ijLeventhal et al. 1 
ll978tlAibernhe et al.ll98l|) . During the eighties vari- 
ability in the measured flux was reported after a se- 
ries of measurements by balloon-borne germanium 
detectors. The fluctuating results were interpreted as 
the signature of a compact source o f annihilation ra- 
diation at the GC ijLeventhal Ill991|) . Yet during the 
early nineties this interpretation came into question, 
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since neither eight years of SMM data l|Share et al. I 
ll99Cfl n or the revised data of the HEAO-3 Ge de- 
tectors l|Mahonev et al. lll994l) showed evidence for 
variability in the 511 keV flux. Later, during the 
nineties, CGRO's Oriented Scintillation Spectrome- 
ter Experiment (OSSE) measured steady fluxes from 
the galactic bulge and disk component. The sep- 
aration was achieved using da ta from the O SSE, 
SMM and TGRS experiments l|Purcell et all 119971 
iMilne et alJ l200ll) . A possible additional compo- 
nent at positive latitude was att ributed to an an- 
nihil ation "fountain" in the GC l|Dermer & Skibol 
11997ft. Recently, SPI also provided i ts first results 
ll.Iean et «.1J 12003^1 iKnodlseder et alJ Ejtil. giving 
constraints both on morphology and spectrocopy. A 
summary of the key parameters measured by high 
resolution spectrometers is given in Figure EJ 

We report here the measurement of the Galatic 
511 keV gamma ray line emission after one year 
of INTEGRAL observations, focusing on the spec- 
troscopy aspects. The morphological analysis of 
the 511 keV emission, using the same data, is pre- 
sented in lWeidenspointner et alJ l)2004d) . Both spec- 
troscopy and morphology results were presented dur- 
ing this me e ting in the context of previous results 
l|Jean et alJ <|2004|) 'l. Their consequences on the 
pr operties of the ann ihiliation medium were exposed 
bv lGuessoum et al. I (|2004[) . 



2. INSTRUMENT AND DATA ANALYSIS 



The Spectrometer for INTEGRAL (SPI) is one of 
the two main instruments on board the ESA INTE- 
GRAL mission. A detailed des cription of SPI can be 
found in lVedrenne et all l|2003|) . SPI is a coded-mask 
telescope with a fully-coded field of view of 16° that 
uses a 19 pixel high-resolution Ge detector array re- 
sulting in an effective area of about 75 cm 2 at 511 
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keV. The energy resolution of the whole camera is 
2.10±0.02 keV at 511 keV and varies between 2 and 
8 keV over the full energy range (20 - 8000 keV). 

The data analyzed in this work were accumulated 
during the first year's GCDE and GPS, executed as 
part of INTEGRAL'S guaranteed time observations. 
Both the GCDE and the GPS observations are part 
of the so-called core program observations of the IN- 
TEGRAL observatory, which are proprietary to the 
INTEGRAL Science Working Te am (ISWT) and the 
instrument teams for one year iWmkleHl20fil . A 
total exposure time of 3475 ks has been obtained 
during two different periods March- April 2003 and 
September-October 2003. The GCDE consists of 
three rectangular pointing grids covering Galactic 
longitudes |/| < 30° and Galactic latitudes \b\ < 10°, 
and a fourth grid covering the same longitude range 
but |b| < 20° in latitude. The GPS consists of 
pointings, following a saw-tooth pattern, along the 
Galactic plane within |6| < 6.4°. Details of the core 
progra m observing strategy can be found in lWinklerl 

For each pointing and each of the 19 detectors, the 
SPI events data were gain corrected and binned into 
0.25 keV wide bins l|Knodlseder et al.ll2004|) . The 
gain correction was performed for each orbit to ac- 
count for long-term drifts that arise from temper- 
atures variations a nd degradation of the detectors 
l|Loniou et alJl2004ft . 

Background modelling is a crucial point in this anal- 
ysis because the instrumental line is roughly a hun- 
dred time stronger than the astrophysical one. We 
have modelled the background with two components 
(see Figure IB : one for the line and one for the 
continuum llean et al. Il2003t iTeegarden et al.ll2004l 
iJean et all |2004|) . The continuum component de- 
scribes the temporal variation of the continuum level 
under the line which is considered to be flat. The 
line component contains the background line and 
the differences between the real continuum and the 
flat model. We used the SPI backgroun d line iden- 
tifications ( Wcidcn sDointner et al.ll2003[) . the instru- 
mental background simulati ons employing the MG- 
GPOD Monte Carlo suite l)Weidenspointner et alJ 
l2004albf) and others published informations on detec- 
tors to identify the main contributors to the 511 keV 
line and continuum around it. The contributions 
of the different isotopes (prompt and delayed) have 
been fitted to the data assuming that their produc- 
tion rate scales with the rate of the Germanium sat- 
urated events. Therefore, templates describing the 
temporal variations of the background components 
are generated. 



3. MODEL FITTING, BACKGROUND MODEL 
AND MORPHOLOGY 

Using model fitting techniques l)Knodlseder et al.1 
12001 . we derived constraints on the morphology of 
the 511 keV line emission and to test our background 
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Figure 1. The instrumental background line at 511 
keV. It is modelled with two components : one for 
the line and one for the continuum. 



models. We assume a 2D Gaussian centered on the 
Galactic Center for the spatial distribution, and we 
fit the flux in a 5 keV wide bin (508.5-513.5 keV). 
During the fit we can free some parameters in order 
to match the background model to the data. We have 
used four different fit types: fix (fixed background 
model), global (1 free parameter for the entire obser- 
vation), orbit (1 free parameter per revolutio), dete 
(1 free parameter per detector). The similarity of 
the results obtained with this four background fit- 
ting options (see Figure EJ) indicates the high quality 
of our background model. However, there remains 
room for improvement, thus this work continues. A 
FWHM=8±2° is deduced with a 2a confidence level 
is found for the Gaussian. The effect of a disk compo- 
nent has been tested but was founded to be smaller 
than the effect of the size of the bulge component. 
For more details on the morp hological aspects see 
IWeidenspointner et alJ l)2004cft . 



4. RESULTS 



We used model fitting techniques in order to ex- 
tract the spectrum. In this case, we fit the same 
2D Gaussian spatial model to the data in each 1 keV 
energy bin in the vicinity of the 511 keV line. We 
free one global parameter per energy bin in order 
to correct for detector degradation effects and to re- 
duce systematic errors. As an example, the result- 
ing photon spectrum obtained using a 8° FWHM 
Gaussian for the spatial distribution (our best fit- 
ting model distribution) is shown in Figure OH The 
spectrum has been fitted with a Gaussian to derive 
the flux, energy and the width of the line. The fit 
was performed with different models for the contin- 
uum under the line and for several widths of the 
spatial distributions. The results of this analysis 
are summarized in Figure 0| Thus the uncertainties 
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Figure 2. Confidence level as a function of the spatial 
distribution. The S likelihood follows a %2 distribu- 
tion, thus the confidence level is the square root of the 
5 likelihood because there is one degree of freedom. 
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Figure 4- Flux, Position and Width of the 511 keV 
line from the Galactic Center as a function of the 
size of the spatial distribution. 
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quoted for these results include the statistical uncer- 
tainties and the uncertainties on the spatial distri- 
bution. The width of the astrophysical line is the 
measured width after deconvolving the instrumen- 
tal width (FWHM= 2.10;^2 keV). We obtained a 
flux of 0.96t°;i4 x 10~ 3 ph cm 2 s -1 , a line centroid 
of 511.02^0 09 keV and a width of the astrophysical 
line of 2.671q;| 3 keV. The flux value is strongly de- 
pendent on the size of the emission, but the position 
and width of the line are relatively stable. The best 
X 2 is obtained with a step function component in the 
background under the line. Formally the continuum 
level to the left of the 511 keV line (see Figure |HJ 
is significantly higher than to its right. This is an 
indication of positronium continuum emission, but 
at this stage of the analysis we are not in a posi- 
tion to quote a definitive value for the positronium 
continuum flux and the positronium fraction. 
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Figure 3. 511 keV flux obtained using a model of the 
spatial distribution consisting of a Gaussian centered 
on the Galactic Center with a FWHM of 8° . 



The analysis of SPI data that have been recorded 
during the first year INTEGRAL GCDE have pro- 
vided constraints on the shape of the 511 keV line 
from the Galactic Center region. We derived a 
flux of 0.96±g; 2 4 x 1CT 3 ph cm~ 2 s~\ a width 
of 2.67±^J 3 keV (FWHM) and a line centroid of 
511.02^Q Qg keV. In general the results are consis- 
tent with earlier measurements (see Figure EJ), yet 
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Figure 5. Flux, position and width of the GC 511 
keV line measured by hight resolution spectrometers. 



the measurement of the line width is formally incon- 
sistent with the TGRS measurement on a 1 a con- 
fidence level. Such a significance for the energy and 
the width had never been obtained. One should note 
that the HEA03 results are given for a point source 
at GC and that the GRIS results dont take into ac- 
count the uncertainties on the spatial distribution, 
so a direct comparison is not possible. Our analysis 
indicates the presence of the positronium continuum, 
but we cannot deduce any value for the positronium 
fraction because of systematic uncertainties. These 
results can be used in order to determine and to un- 
derstand the properties of the annihilation medium 
l|Guessoum et al. Il2004|) . We are now refining this 
work by improving the background modeling and in- 
cluding much data. 
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